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Converter circuit: 
DESCRIPTION 

5 Technical field 

The invention relates to the field of power 
electronics, and relates in particular to a converter 
circuit as claimed in the precharacterizing clause of 
10 the independent claims. 

Prior art 

Nowadays, converter circuits are used in a wide range 
15 of power-electronic applications. The requirements for 
a converter circuit such as this are in this case 
firstly to produce harmonic levels that are as low as 
possible in an electrical AC voltage network which is 
connected in the normal manner to phases of the 

2 0 converter circuit, and on the other hand to transmit 

power levels that are as high as possible with as small 
a number of electronic components as possible. One 
suitable converter circuit is specified in 
WO 01/93412 A2. In this document, a first switching 
25 group system is provided for each phase and has a first 
main switching group which is formed by a power 
semiconductor switch and by a capacitor which is 
connected to the power semiconductor switch. The power 
semiconductor switch in the first main switching group 

3 0 is formed by a bipolar transistor with an insulated 

drive electrode (IGBT - Insulated Gate Bipolar 
Transistor) and by a diode which is connected back-to- 
back in parallel with the bipolar transistor. The power 
semiconductor switch in the first main switching group 
3 5 is thus formed by an active electronic component which 
can be driven, specifically the bipolar transistor, and 
additionally by the diode, so that the power 
semiconductor switch which is formed in this way allows 
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a bidirectional current-flow direction. Furthermore, 
the first switching group system has at least one 
intermediate switching group, which is formed by two 
series-connected power semiconductor switches which can 
5 be driven and by a capacitor, with the or an 
intermediate switching group being connected to the 
first main switching group. Each of the power 
semiconductor switches which can be driven in the 
intermediate switching group is likewise formed by a 

10 bipolar transistor with an isolated drive electrode and 
by a diode which is connected back-to-back in parallel 
with the bipolar transistor. Furthermore, the first 
switching group system has a second main switching 
group which is formed by a power semiconductor switch, 

15 with the or an intermediate switching group being 
connected to the second main switching group. The power 
semiconductor switch in the second main switching group 
is also formed by a bipolar transistor with an isolated 
drive electrode, and by a diode which is connected 

2 0 back- to-back in parallel with the bipolar transistor. 
The power semiconductor switch in the second main 
switching group is thus also formed by an active 
electronic component which can be driven, specifically 
the bipolar transistor with an isolated drive 

25 electrode, and additionally by the diode, in which case 
the power semiconductor switch that is formed in this 
way likewise allows the already mentioned bidirectional 
current-flow direction. 

30 The converter circuit according to WO 01/93412 A2 has 
the problem that the power semiconductor switch in the 
first main switching group and that in the second main 
switching group have a large number of electronic 
components, that is to say the power semiconductor 

35 switch is formed by the bipolar transistor with an 
isolated drive electrode and additionally by the diode. 
The large number of electronic components makes the 
design of the converter . circuit complicated, causes 
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high converter circuit costs and demands an enormous 
space requirement owing to the electronic components 
themselves and owing to their wiring. The use of the 
.bipolar transistor with an isolated drive electrode in 
5 the semiconductor power switch in the first and in the 
second main switching groups furthermore makes it 
necessary to provide corresponding drive circuits, thus 
requiring a high level of drive complexity, with the 
wiring complexity being increased further and an 

10 additional space requirement being necessary, so that 
the costs for a converter circuit according to 
WO 01/93412 A2 rise further. The complicated design of 
the converter circuit with the large number of 
electronic components, the high level of drive 

15 complexity and the high level of wiring complexity mean 
that the converter circuit according to WO 01/93412 A2 
is susceptible to defects, so that the overall 
availability of the converter circuit is poor. 
Furthermore , the bipolar transistor with an isolated 

20 drive electrode is an expensive electronic component 
which, by virtue of its design, is susceptible to 
defects, so that the availability of the converter 
circuit falls further . 

25 Furthermore, the converter circuit according to 
WO 01/93 412 A2 is uneconomic to operate in a large 
number of applications of the converter circuit, for 
example in the case of two-quadrant applications, since 
the bipolar transistor with an isolated drive electrode 

3 0 in the power semiconductor switch in the first and in 
the second main switching group is admittedly then 
driven but , in terms of current levels , it is not 
loaded at all, or is loaded only very lightly. 

35 US 2003/0128563 Al discloses an alternative converter 
circuit for at least one phase, which converter circuit 
has a switching group system which is provided for a 
single one of these phases and has a first main 
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switching group which is formed by a power 
semiconductor switch and by an associated capacitor 
which is connected to the power semiconductor switch, 
with the power semiconductor switch in the first main 
5 switching group being formed by a passive electronic 
component which cannot be driven and has a 
unidirectional current- flow direction. Furthermore, the 
switching group system has an intermediate switching 
group which is formed by two series -connected power 

10 semiconductor switches which can be driven and by a 
capacitor, with the intermediate switching group being 
connected to the first main switching group. 
Furthermore, the switching group system has" a second 
main switching group, which is formed by a power 

15 semiconductor switch, with the power semiconductor 
switch in the second main switching group being formed 
by a passive electronic component which cannot be 
driven and has a unidirectional current-flow direction, 
and with the intermediate switching group or groups 

2 0 being connected to the second main switching group. 

The converter circuit disclosed in US 2003/0128563 Al 
has the problem that the capacitor in the first main 
switching group and the capacitor in the intermediate 

25 switching group 7 mean that the entire converter 
circuit can store only an extremely limited amount of 
electrical energy. This means that undesirable voltage 
oscillations and current oscillations occur on the two 
capacitors, which may be caused, for example, by a 

30 dynamic electrical load, and these voltage oscillations 
and current oscillations cannot be damped, because of 
the small storage capability of the capacitors. This 
means that harmonics occur on the phases of the 
converter circuit, which are extremely undesirable in 

35 an electrical AC voltage network which is normally 
connected to the phases. 
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Description of the invention 

One object of the invention is therefore to specify a 
converter circuit for at least one phase, in which as 
5 much electrical energy as possible can be stored. This 
object is achieved by the features of claim 1 and of 
claim 2. Advantageous developments of the invention are 
specified in the dependent claims. 

10 The converter circuit according to the invention for at 
least one phase has a first switching group system for 
each phase, which first switching group system has a 
first main switching group which is formed by a power 
semiconductor switch and by a capacitor which is 

15 connected to the power semiconductor switch, with the 
power semiconductor switch in the first main switching 
group being formed by a passive electronic component 
which cannot be driven and has a unidirectional 
current-flow direction. Furthermore, the first 

2 0 switching group system has at least one intermediate 

switching group, which is formed by two series- 
connected power semiconductor switches which can be 
driven and by a capacitor, with the or an intermediate 
switching group being connected to the first main 
25 switching group. 

The first switching group system also has a second main 
switching group which is formed by a power 
semiconductor switch, with the power semiconductor 

3 0 switch in the second main switching group being formed 

by a passive electronic component which cannot be 
driven and has a unidirectional current-flow direction, 
and the or an intermediate switching group is connected 
to the second main switching group. According to the 
35 invention, if there are a plurality of phases, the 
first switching group systems of the phases are 
connected in parallel with one another. As an 
alternative to this, according to the invention, n 
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further switching group systems are provided for each 
phase, wherein n > 1 and with each of the n further 
switching group systems in the intermediate switching 
group which is adjacent to the first main switching 
5 group is connected in series to the first main 
switching group and the intermediate switching group 
which is adjacent to the second main switching group is 
connected in series with the second main switching 
group. The first main switching group in the first 

10 switching group system and the first main switching 
groups in the n further switching group systems are 
connected in series with one another, in which the 
second main switching group in the first switching 
group system and the second main switching groups in 

15 the n further switching group systems are connected in 
series with one another. If there are a plurality of 
phases, the n-th further switching group systems for 
the phases are connected in parallel with one another. 
The parallel connection of the first switching group 

2 0 systems for the phases and of the n-th further 
switching group systems for the phases, that is to say 
of the capacitors in the first main switching groups in 
the first switching group systems and of the n-th 
further switching group systems as well as the 

2 5 capacitors in the intermediate switching groups in the 

first switching group systems and the n-th further 
switching group systems advantageously makes it 
possible to increase the amount of electrical energy 
which can be stored by the overall converter circuit, 

3 0 in particular because the capacitance values of the 

parallel-connected capacitors are added. Furthermore, 
the parallel connection of the capacitors in the first 
main switching groups and of the capacitors in the 
intermediate switching groups makes it possible to damp 
35 undesirable oscillations in the voltage and in the 
current on the parallel-connected capacitors in the 
first main switching groups and on the parallel- 
connected capacitors in the intermediate switching 
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groups, and thus advantageously makes it possible to 
virtually avoid such oscillations. No such undesirable 
oscillations then occur, for a very large extent, on 
the phases in the converter circuit so that, in the 
5 end, virtually no such oscillations also occur in an 
electrical AC voltage network which is normally 
connected to the phases. 

Since the power semiconductor switch in the first main 

10 switching group and the power semiconductor . switch in 
the second main switching group are each formed by only 
one passive electronic component which cannot be driven 
and has a unidirectional current-flow direction, and 
thus in each case without any active electronic 

15 component which can be driven, as is also known from 
the prior art, for example a bipolar transistor with an 
isolated drive electrode, this results in a converter 
circuit which requires only a very small number of 
electronic components and is thus very simple and 

20 uncomplicated. Furthermore, the converter circuit 
according to the invention can also be produced and 
operated at low cost because of the small number of 
electronic components, while having a very low level of 
drive and wiring complexity, so that it requires little 

25 space and is distinguished by high reliability, and 
thus by high availability. 

Furthermore, the converter circuit according to the 
invention can be operated very economically since the 

3 0 power semiconductor switch, which is in the form of a 
passive electronic component which cannot be driven and 
has a unidirectional current- flow direction, in the 
first and second main switching groups is involved in 
carrying the current during operation of the converter 

35 circuit and thus very largely has the load removed from 
it. 
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These and further objects, advantages and features of 
the present invention will become clear from the 
following detailed description of preferred embodiments 
of the invention, in conjunction with the drawing. 

5 

Brief description of the drawings 

In the figures : 

10 Figure 1 shows a first embodiment of a converter 
circuit according to the invention, 

Figure" 2 shows a second embodiment of the converter 
circuit according to the invention, 

15 

Figure 3 shows a third embodiment of the converter 
circuit according to the invention, 

Figure 4 shows a fourth embodiment of the converter 
2 0 circuit according to the invention, 

Figure 5 shows a fifth embodiment of the converter 
circuit according to the invention, 

25 Figure 6 shows a sixth embodiment of the converter 
circuit according to the invention, 

Figure 7 shows a seventh embodiment of the converter 
circuit according to the invention, 



30 



Figure 8 shows an eighth embodiment of the converter 
circuit according to the invention, 



Figure 9 

35 



shows a ninth embodiment of the converter 
circuit according to the invention, and 
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Figure 10 shows an illustration of an example of the 
fourth embodiment as shown in Figure 4 of the 
converter circuit according to the invention. 

5 The reference symbols used in the drawing and their 
meaning are listed in summarized form in the list of 
reference symbols. In principle, identical parts are 
provided with the same reference symbols in the 
figures. The described embodiments represent examples 
10 of the subject matter of the invention and have no 
restrictive effect . 

Approaches to implementation of the invention 

15 Figure 1 shows a first, embodiment, in particular a 
single-phase embodiment, of a converter circuit 
according to the invention. In this case, the converter 
circuit comprises, for at least one phase R, Y, B, a 
first switching group system 1 which is provided for 

2 0 each phase R, Y, B and has a first main switching group 

4 which is formed by a power semiconductor switch 2 and 
by a capacitor 3 which is connected to the power 
semiconductor switch 2 . The first switching group 
system 1 also has at least one intermediate switching 
25 group 7 which is formed by two series-connected power 
semiconductor switches 5 which can be driven and by a 
capacitor 6, with the or an intermediate switching 
group 7 being connected to the first main switching 
group 4 . The two series-connected power semiconductor 

3 0 switches 5 which can be driven in the intermediate 

switching group 7 are, as can be seen from Figure 1, 
each in the form of bipolar transistors with isolated 
drive electrodes and diodes connected back- to-back in 
parallel. Furthermore, the first switching group system 
35 1 has a second main switching group 9 which is formed 
by a power semiconductor switch 8, with the or an 
intermediate switching group 7 being connected to the 
second main switching group 9. The power semiconductor 
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switch 2 in the first main switching group 4 is formed 
by a passive electronic component 11 which cannot be 
driven and has a unidirectional current-flow direction, 
and the power semiconductor switch 8 in the second main 
5 switching group 9 is likewise formed by a passive 
electronic component 11 which cannot be driven and has 
a unidirectional current-flow direction. 

The converter circuit according to the invention 
10 therefore does not require a known active electronic 
component which can be driven , for example a bipolar 
transistor with an isolated drive electrode, for the 
first and the second main switching groups 4, 9, since 
the power semiconductor switch 2 in the first main 
15 switching group 4 and the power semiconductor switch 8 
in the second main switching group 8 are each formed by 
only a passive electronic component 11 which cannot be 
driven and has a ^unidirectional current-flow direction. 
This measure results in a converter circuit which 

2 0 requires a very small number of electronic components 

and is thus very simple and uncomplicated. Furthermore, 
the converter circuit according to the invention can be 
produced and operated at low cost because of the small 
number of electronic components, has a very low level 
25 of drive and wiring complexity, and thus requires only 
a small amount of space and is distinguished by high 
reliability and thus by high availability. 

Furthermore, the converter circuit according to the 

3 0 invention can be operated very economically since the 

power semiconductor switches 2, 8, which are in the 
form of passive electronic components 11 which cannot 
be driven and have a unidirectional current-flow 
direction, in the first and in the second main 
3 5 switching groups 4, 9 are involved in carrying the 
current during operation of the converter circuit, thus 
reducing the load to a major extent. 
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The converter circuit according to the invention can be 
used and operated for two-quadrant operation as a 
rectifier and as a phase shifter, for example for 
power-factor correction. The converter circuit 
5 according to the invention is preferably used with a 
three-phase, low-cost standard transformer on the phase 
side instead of 12-pulse, 18-pulse or 24-pulse 
rectifier circuits with complex special transformers. 

10 Figure 2 shows a second embodiment of the converter 
circuit according to the invention in which, in the 
case of the first switching group system 1 # the power 
semiconductor switch 2 in the first main switching 
group 4 has a further passive electronic component 11 

15 which cannot - be driven and has a unidirectional 
current-flow direction, with the further electronic 
component 11 being connected in series with the 
existing electronic component 11. Furthermore, as can 
be seen from Figure 2, in the case of the first 

2 0 switching group system 1, the power semiconductor 
switch 8 in the second main switching group 9 likewise 
has a further passive electronic component 11 which 
cannot be driven and has a unidirectional current-flow 
direction, with the further electronic component 11 

2 5 being connected in series with the existing electronic 

component 11. The existing passive electronic component 
11 and the further passive electronic component 11 
which cannot be driven are preferably in the form of a 
diode in each case, as can be seen in Figure 1 and 

3 0 Figure 2, respectively. In Figure 1, the diode is in 

the form of a high blocking-capability diode, that is 
to say a diode with a high reverse voltage. The series 
circuit formed by the existing passive electronic 
component 11 which cannot be driven and has a 
35 unidirectional current-flow direction and the further 
passive electronic component 11 which cannot be driven 
and has a unidirectional current-flow direction in the 
first and the second main switching groups 4, 9 as 
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shown in Figure 2 also results in the voltage being 
split between the two electronic components 11, thus 
making it possible to achieve a higher overall blocking 
capability with the converter circuit according to the 
5 invention, so that more power can be transmitted 
through the converter circuit according to the 
invention. 

In the embodiments of the converter circuit according 
10 to the invention as shown in Figure 1 and Figure 2, in 
the case of the first switching group system 1, one of 
the power semiconductor switches 5 which can be driven 
in each intermediate switching group 7 is connected to 
the capacitor 6 in the same intermediate switching 
15 group 7. Furthermore, the intermediate switching group 
7 which is adjacent to the first main switching group 4 
is connected in parallel with the first main switching 
group 4, and the intermediate switching group 7 which 
is adjacent to the second main switching group 9 is 

2 0 connected in parallel with the second main switching 

group 9. In contrast to the two embodiments of the 
converter circuit according to the invention shown in 
Figure 1 and Figure 2 , in the case of a third 
embodiment of the converter circuit according to the 
25 invention as shown in Figure 3, the junction point of 
the two power semiconductor switches 5 which can be 
driven in each intermediate switching group 7 in the 
first switching group system 1 is connected to the 
capacitor 6 in the same intermediate switching group 7, 

3 0 with the intermediate switching group 7 which is 

adjacent to the first main switching group 4 and has 
one of the two power semiconductor switches 5 which can 
be driven being connected to the junction point between 
the two electronic components 11 in the first main 
3 5 switching group 4. Furthermore, as can be seen from 
Figure 3, in the case of the first switching group 
system 1, the intermediate switching group 7 which is 
adjacent to the second main switching group 9 and has 
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the other of the two power semiconductor switches 5 
which can be driven is connected to the junction point 
between the two electronic components 11 in the second 
main switching group 9 . 

Figure 4 shows a fourth embodiment of the converter 
circuit according to the invention, in which, when 
there are a plurality of phases R, Y, B, in particular 
when there are three phases R*, Y, B as shown in 
Figure 4, the first switching group systems 1 for the 
phases R, Y, B are connected to one another in 
parallel , that is to say the capacitors 3 in the first 
main switching groups 4 in the first switching group 
systems 1 for the phases R, Y, B are connected to one 
another in parallel, and the capacitors 6 in the 
intermediate switching groups 7 in the first switching 
group systems 1 for the phases R, Y, B are connected to 
one another in parallel. As can be seen from Figure 4, 
the second main switching groups 9 in the first 
switching group systems 1 are also connected to one 
another. In order to make it easy to understand this, 
Figure 10 shows an illustrative example of the fourth 
embodiment as shown in Figure 4 of the converter 
circuit according to the invention with first switching 
group systems 1 as shown in Figure 1 . The amount of 
electrical energy which can be stored in the overall 
converter circuit is advantageously increased by means 
of the parallel connection of the first switching group 
systems 1 for the phases R, Y, B, that is to say of the 
capacitors 3 in the first main switching groups 4 and 
of the capacitors 6 in the intermediate switching 
groups 7. Furthermore, the parallel connection of the 
capacitors 3 in the first main switching groups 4 and 
of the capacitors 6 in the intermediate switching 
groups 7 damps undesirable oscillations of the voltage 
and of the current on the parallel-connected capacitors 
3 in the first main switching groups 4 and on the 
parallel-connected capacitors 6 in the intermediate 
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switching groups 7, thus advantageously very largely 
avoiding such oscillations. No such undesirable 
oscillations then also occur, very largely, in the 
phases R, Y, B of the converter circuit and thus, in 
5 the end, there are also virtually no such oscillations 
in an electrical AC voltage network which is normally 
connected to the phases. Furthermore, if an electrical 
device, for example a charging device, is connected to 
one of the capacitors 3 in the first main switching 

10 groups 4 or to one of the capacitors 6 in the 
intermediate switching groups 7 in such a way that all 
the capacitors 3 in the first main switching groups 4 
and all of the capacitors 6 in the intermediate 
switching groups 7 are connected to the electrical 

15 device, then this . means that there is no need for a 
single connection of the electrical device to each of 
the capacitors in the first main switching groups 4 and 
to each of the capacitors 6 in the intermediate 
switching groups 7 . 

20 

As already mentioned above, in the case of the first 
switching group system 1 in the converter circuit 
according to the invention, at least one intermediate 
switching group 7, that is to say one or more 

25 intermediate switching groups 7, is or are provided. 
According to the embodiments of the converter circuit 
according to the invention illustrated in Figure 5, 
Figure 6 and Figure 9, which will be explained in 
detail in the following text, respectively adjacent 

3 0 intermediate switching groups 7 are connected to one 
another in a chain when a plurality of intermediate 
switching groups 7 are provided in the first switching 
group system 1, with the intermediate switching groups 
7 being designed in accordance with the embodiment 

3 5 shown in Figure 1 or Figure 2. The intermediate 
switching groups 7 shown in Figure 1 or Figure 2 is a 
four-pole network, so that the chain of respectively 
adjacent intermediate switching groups 7 is a chain of 
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four-pole networks. It is self-evident that the chain 
mentioned above formed from respectively adjacent 
intermediate switching groups 7 in the first switching 
group system 1 can also be formed with the intermediate 
switching groups 7, designed as shown in Figure 3, in 
the first switching group system 1. The large number of 
intermediate switching groups 7 in the first switching 
group system 1 means that the power which can be 
transmitted can be increased by increasing the DC 
voltage which is applied to the first switching group 
system 1, since* this DC voltage is split into 
individual DC voltages, corresponding to the capacitor 
3 in the associated first main switching group 4 and 
the capacitors 6 in the large number of intermediate 
switching groups 7. Furthermore, this large number 
results in an ' increase in the number of switching 
levels, thus highly advantageously making it possible 
to further reduce harmonics on the phase side of the 
converter circuit. 

Figure 5 shows a fifth embodiment of the converter 
circuit according to the invention, in which the first 
switching group systems 1 for the phases R, Y, B are 
formed with the corresponding first and second main 
switching groups 4, 9 and with a plurality of 
intermediate switching groups 7 as shown in Figure 1 or 
Figure 2. Furthermore, Figure 6 shows a sixth 
embodiment of the converter circuit according to the 
invention, in which the first switching group systems 1 
for the phases R, Y, B are formed with a corresponding 
first and second main switching groups 4, 9 and with a 
plurality of intermediate switching groups 7 as shown 
in Figure 3. In the case of the fifth embodiment as 
shown in Figure 5 and in the case of the sixth 
embodiment as shown in Figure 6, there are three 
phases, by way of example, although any desired number 
of phases R, Y, B is generally feasible. As can be seen 
from Figure 5 and Figure 6, n further switching group 
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systems 10.1,...10.n are provided for each phase R, Y, 
B, where n > 1 and, in the case of each of the n 
further switching group systems 10 . 1 , . . . 10 .n, one of 
the power semiconductor switches 5 which can be driven 
in each intermediate switching group 7 is connected to 
the capacitor 6 in the same intermediate switching 
group 7, and the intermediate switching group 7 which 
is adjacent to the first main switching group 4 is 
connected in series with the first main switching group 
4, and the intermediate switching group 7 which is 
adjacent to the second main switching group 9 is 
connected in series with the second main switching 
group 9. Furthermore, as can be seen from Figure 5 and 
Figure 6, the first main switching group 4 in the first 
switching group system 1 and the first main switching 
groups 4 in the n further switching group systems 
10.1,. ..lO.xi are connected in series with one another, 
and the second main switching group 9 in the first 
switching group system 1 and the second main switching 
groups 9 in the n further switching group systems 
10.1,... 10. n are connected in series with one another. 
Each of the n further switching group systems 
10.1,...10.n for the phases R, Y, B is preferably 
designed on the basis of the first switching group 
system 1 as described above and as shown in Figure 1 or 
Figure 2 with respect to the first and the second main 
switching groups 4, 9 and the intermediate switching 
group or groups 7, that is to say, in general, each of 
the n further switching group systems 10.1,...10.n for 
the phases R, Y, B has the first main switching group 4 
which is formed by a power semiconductor switch 2 and 
by a capacitor 3 which is connected to the power 
semiconductor switch I 2, with the power semiconductor 
switch 2 in the first main switching group 4 being 
formed by a passive electronic component 11, which 
cannot be driven and has a unidirectional current-flow 
direction. Furthermore, each of the n further switching 
group systems 10.1,...10.n for the phases R, Y, B has 
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at least one intermediate switching group 7 which is 
formed by two series-connected power semiconductor 
switches 5 which can be driven and by a capacitor 6, 
with the or an intermediate switching group 7 being 
5 connected to the first main switching group 4. 
Furthermore, each of the n further switching group 
systems 10.1,... 10. h for the phases R, Y, B has the 
second main switching group 9 which is formed by a 
power semiconductor switch, with the power 

10 semiconductor switch 8 in the second main switching 
group 9 being formed by a passive electronic component 
11 which cannot be driven and has a unidirectional 
current- flow direction, and the or an intermediate 
switching group 7 being connected to the second main 

15 switching group 9. In a similar way to that shown in 
Figure 4, in the case of the fifth and sixth 
embodiments of the converter circuit according to the 
invention as shown in Figure 5 and Figure 6 , when there 
are a plurality of phases R, Y, B, the n-th further 

20 switching group systems 10. . n for the phase R, Y, B are 
connected to one another in parallel, that is to say 
the capacitors 3 in the first main switching groups 4 
in the n-th further switching group systems 10. n are 
connected to one another in parallel, and the 

25 capacitors 6 in the intermediate switching groups 7 in 
the n-th further switching group systems 10. n are 
connected to one another in parallel. As can be seen 
from Figure 5 and Figure 6, the second main switching 
groups 9 in the n-th further switching group systems 

30 10. n are also connected to one another. The parallel 
connection of the n-th further switching group systems 
. lO.n for the phases R, Y, B, that is to say of the 
capacitors 3 in the first main switching groups 4 and 
of the capacitors 6 in the intermediate switching 

35 groups 7, advantageously results in an increase in the 
amount of electrical energy which can be stored in the 
overall converter circuit. Furthermore, the parallel 
connection of the capacitors 3 in the first main 
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switching groups 4 and of the capacitors 6 in the 
intermediate switching groups 7 damps undesirable 
oscillations in the voltage and in the current on the 
parallel-connected capacitors 3 in the first main 
switching groups 4 and on the parallel-connected 
capacitors 6 in the intermediate switching groups 7, 
thus advantageously very largely avoiding them. No such 
undesirable oscillations then occur either, to a very 
large extent, in the phases R, Y, B in the converter 
circuit, and thus, in the end, virtually no such 
oscillations occur in an electrical AC voltage network 
which is normally connected to the phases. Furthermore, 
if an electrical device, for example a charging device, 
is connected to one of the capacitors 3 in the first 
main switching groups 4 or to one of the capacitors 6 
in the intermediate switching groups 7 , so that all of 
the capacitors 3 in the first main switching groups 4 
or all of the capacitors 6 in the intermediate 
switching groups 7 are connected to the electrical 
device, then this advantageously makes it possible to 
avoid a single connection of the electrical device to 
each of the capacitors in the first main switching 
groups 4 and to each of the capacitors 6 in the 
intermediate switching groups 7. 

The provision of n further switching group systems 
10.1,...10.n for each phase R, Y, B as shown in 
Figure 5 and Figure 6 advantageously halves the DC 
voltages of the capacitors 3 , 6 in the respective n-th 
switching group systems 10. n on the capacitors 3, 6 in 
the downstream (n-l)-th switching group system 10.n-l 
during operation of the converter circuit according to 
the invention. If there are n=l further switching group 
systems 10 . 1 , . . . 10 .n, as is shown by way of example in 
a seventh, in particular single-phase, embodiment of 
the converter circuit as shown in Figure 7 and in an 
eighth, in particular likewise single-phase, embodiment 
of the converter circuit as shown in Figure 8, in each 
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case half of the DC voltage of the capacitor 3 in the 
first main switching group 4 in the first further 
switching group system 10.1 and of the capacitor 6 in 
the intermediate switching group 7 in the first further 
switching group system 10.1 is accordingly applied 
during operation of the converter circuit to the 
capacitor 3 in the first main switching group 4 in the 
first switching group system 1 and to the capacitor 6 
in the intermediate switching group 7 in the first 
switching group system 1. This halving of the DC 
voltage advantageously reduces the load on the power 
semiconductor switches 2, 5, 8 and on the capacitors 3, 
6 in the first switching group system 1. In general, 
this allows a large number of switching levels to be 
generated, thus highly advantageously making it 
possible to achieve an effective reduction in the 
harmonics on the phase side. As can be seen from 
Figure 7, the first switching group system 1 
corresponds to the switching group system 1 as 
described in detail above and as shown in Figure 3 . 
Furthermore, the first further switching group system 
10.1 as shown in Figure 7 corresponds to the switching 
group system 1 as described in detail above and as 
shown in Figure 2, although it is, of course, also 
feasible for the first further switching group system 
10.1 as shown in Figure 7 to be designed in the same 
way as the switching group system 1 as described above 
in detail and as shown in Figure 1 . As can be seen from 
Figure 8, the first switching group system 1 and the 
first further switching group system 10.1 correspond to 
the switching group system 1 as described in detail 
above and as shown in Figure 2, although, of course, it 
is also feasible for the first switching group system 1 
and the first further switching group system 10.1 as 
shown in Figure 7 to be designed in the same way as the 
switching group system 1 as described in detail above 
and as shown in Figure 1 . 
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As can be seen from the fifth and sixth embodiments of 
the converter circuit according to the invention as 
shown in Figure 5 and Figure 6, the number of 
intermediate switching groups 7 in each switching group 
system 10 . 1 , . . . 10 . n in the n further switching group 
systems 10 . 1 , . . . 10 .n corresponds to the number of 
intermediate switching groups 7 in the first switching 
group system 1, with respectively adjacent intermediate 
switching groups 7 being connected to one another in 
series in each in each of the n further switching group 
systems 10.1,...10.n when a plurality of intermediate 
switching groups 7 are provided. Furthermore, as can be 
seen from Figures 5 and 6 and according to a ninth 
embodiment of the converter circuit according to the 
invention as shown in Figure 9, each intermediate 
switching group 7 in the first further switching group 
system 10.1 is connected in series with in each case 
one intermediate switching group 7 in the first 
switching group system 1. By way of example, n=l in the 
ninth embodiment of the converter circuit according to 
the invention as shown in Figure 9, in which case, in 
particular, the converter circuit is designed for a 
single phase. As can be seen from Figure 9, the first 
switching group system 1 and the first further 
switching group system 10.1 correspond to the switching 
group system 1 as described in detail above and as 
shown in Figure 2 with a plurality of intermediate 
switching groups 7, although, of course, it is also 
feasible for the first switching group system 1 and the 
first further switching group system 10.1 as shown in 
Figure 9 to be designed in the same way as the 
switching group system 1 as described in detail above 
and as shown in Figure 1, with a plurality of 
intermediate switching groups 7. Furthermore, it is 
also possible for the first switching group system 1 as 
shown in Figure 9 to be designed in the same way as the 
switching group system 1 as described in detail above 
and as shown in Figure 3 with a plurality of 
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intermediate switching groups i , and for the first 
further switching group system 10.1 as shown in 
Figure 9 to be designed in the same way as the 
switching group system 1 as described in detail above 
5 and as shown in Figure 1 with a plurality of 
intermediate switching groups 7 . 

If n > 2, corresponding to the fifth and sixth 
embodiments of the converter circuit as shown in Figure 

10 5 and Figure 6, each intermediate switching group 7 in 
the n-th further switching group system 10.2, ... 10. n is 
connected in series to in each case one intermediate 
switching group 7 in the (n-l)-th switching group 
system 10.2, ... 10 . n . The advantage that , in general , 

15 the number of intermediate switching groups 7 in each 
switching group system 10.1, ... 10. n in the n further 
switching group systems 10.1, ... 10. n corresponds to the 
number of intermediate switching groups 7 in the first 
switching group system 1 is that this makes it possible 

20 to achieve a balanced and, furthermore, modular design 
of the converter circuit, so that the converter circuit 
can be adapted easily and quickly, and can thus be 
matched to widely differing circuit requirements. 
Furthermore, the large number of intermediate switching 

25 groups 7 for each switching group system 1, 10.1, ... 
10. n shown in Figure 5, Figure 6 and Figure 9 make it 
possible to increase the amount of power which can be 
transmitted by applying a greater DC voltage to the 
respective n-th switching group systems 10. n, since 

30 this DC voltage is split into individual DC voltages 
corresponding to the capacitor 3 in the associated 
first main switching group 4 and to the capacitors 6 in 
the large number of intermediate switching groups 7 . 
Furthermore, this large number results in an increase 

3 5 in the number of switching levels, thus highly 
advantageously making it possible to achieve a further 
reduction in the harmonics on the phase side of the 
converter circuit. 
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As has already been explained, the power semiconductor 
switches 5 which can be driven in the intermediate 
switching group 7 according to the embodiments of the 
5 converter circuit shown in Figure 1 to Figure 10, are 
in the form of bipolar transistors with isolated drive 
electrodes and diodes connected back-to-back in 
parallel. These bipolar transistors mean that it is 
advantageously possible by appropriately driving the 

10 bipolar transistors, that is to say when the bipolar 
transistors are switched on, to limit in a controlled 
manner the current gradient di/dt in the diode in the 
first and/or in the second main switching groups 4, 9 
as shown in Figure 1 and Figure 10, and/or the diodes 

15 in the first and/or the second main switching groups 4, 
9 as shown in Figure 2, Figure 3, Figure 7, Figure 8 
and Figure 9, and thus advantageously to protect the 
respective diode against being damaged or even 
destroyed. 

20 

Overall, the converter circuit according to the 
invention represents a solution which is characterized 
by a small number of components and is thus 
uncomplicated, robust and reliable, with the capability 
2 5 to transmit high power levels at the same time. 
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List of reference symbols 

1 First switching group system 

2 Power semiconductor switch in the first 
5 main switching group 

3 Capacitor in the first main switching 

group 

4 First main switching group 

5 Power semiconductor switch which can be 
10 driven in the intermediate switching 

group 

6 Capacitor in the intermediate switching 

group 

7 Intermediate switching group 

15 8 Power semiconductor switch in the second 

main switching group 
9 Second main switching group 

L0.1,...10.n Further switching group systems 
11 Passive electronic component which 

20 cannot be driven 



